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Edited by Christos StournarasAbstract Recent live cell image analysis of actin dynamics in
lamellipodia of motile cells has shown that regulated treadmil-
ling, which supports actin-based propulsion of functionalized par-
ticles in biomimetic reconstituted motility assays, is also
responsible for lamellipodia extension. In both cases, ﬁlaments
are created by branching with Arp2/3 complex only at the mem-
brane or particle surface, grow transiently and are capped; ADF/
coﬁlin enhances the treadmilling but does not sever ﬁlaments in
the body of the meshwork. Diﬀerences between the cellular and
biomimetic systems suggest that additional regulatory mecha-
nisms take place in lamellipodia.
 2008 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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Directional cell migration requires the constant nucleation
and coordinated turnover of actin ﬁlaments organized in a ﬂat
lamellar protrusion [1]. The observations of ﬂuorescently
tagged proteins including actin and its regulators, combined
with quantitative ﬂuorescence speckle microscopy (qFSM)
and other microscopy approaches (FRAP, FLIP) reveal that
as the cells migrate, several co-existing actin networks turnover
at diﬀerent rates, in protrusive and adhesive structures [2,3].
Microinjection or changes in expression levels of actin regula-
tors aﬀect the speciﬁc turnover rates of these arrays, in corre-
lation with changes in velocity and morphology of the cell.
Understanding the physical–chemical basis of the spatially
and temporally coordinated response of the diﬀerent actin mod-
ules during movement is a fascinating challenge. A complete
model of actin-based motility should describe the phenotype
of amigrating cell by combining the known biochemical proper-
ties of actin and its regulators with the raw image of the molec-
ular choreography that takes place in the lamellar protrusion.
Although this goal has not been achieved yet, the persistent
gap between in vitro biochemistry and cellular behavior has
been partially ﬁlled by the development of in vitro reconstituted*Corresponding author. Fax: +33 1 69 82 34 78.
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of cell motility comes from the observation that functionally dis-
tinct actin-binding proteins act together in motile processes.
Biological complexity and synergy emerge from the enhance-
ment of the function of one protein by the activity of others.
Analysis of the assembly dynamics of actin in complex systems
containing two or more actin-binding proteins is a ﬁrst step re-
quired to identify the properties that underlie synergic eﬀects.
This ﬁrst step helps select those components that together build
a self-organized system mimicking the in vivo behavior.
To illustrate the above points, we will review the information
gained from recent live cell imaging techniques on the regula-
tion of actin ﬁlament turnover and nucleation in motile pro-
cesses, and will draw a comparison with the information
gained from reconstituted motility assays. We will ﬁnally show
the potential of reconstituted motility assays in elucidating the
function of actin regulatory proteins in complex systems.2. Cell protrusion as the paradigm of self-organized motile
systems: actin dynamics and spatial organization in
lamellipodia
2.1. Are two diﬀerent actin networks involved in cell protrusion?
The extension of the lamellipodium, a thin lamellar protru-
sion driven by the turnover of a polarized array of actin ﬁla-
ments, is the hallmark of cell migration. In this self-organized
protrusion, ﬁlaments are remarkably arranged in a stationary
crisscross diagonal pattern, in which they grow at the front
and depolymerize at the rear [4–9]. Cell biology and in vitro
reconstitution studies have delineated the mechanism by which
a stationary dendritic array of actin ﬁlaments undergoing rapid
turnover is maintained in the lamellipodium and develops a
pushing force by barbed end growth outward. However, the de-
tails of the time and space dependence of actin nucleation,
assembly and disassembly have remained controversial.
The lamellipodium, and the lamella that extends behind it to-
ward the cell body, are thought to be formed by twomorpholog-
ically diﬀerent actin arrays [10]. The lamellipodial dendritic
actin array that is initiated byWAVE andArp2/3 complex turns
over rapidly and covers a distance of about 1.5 lm from the
leading edge. The lamellar actin array is wider (4 lm) and dis-
plays a slower turnover [2,11,12]. It is unclear whether the lamel-
lipodium and lamella are two distinct structures, or result from
the assembly of a single meshwork showing a gradient in mor-
phological organization that would emerge from amultiple-stepblished by Elsevier B.V. All rights reserved.
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that two actin turnover rates are measured, and that cells con-
tinue to migrate actively in the absence of Arp2/3-mediated
branching, using only the lamellar actin array [11]. The lamelli-
podium is proposed to be a distinct actin network surﬁng above
the lamellar array [13], however, an alternate view has been ex-
pressed [9].
2.2. How and where are new barbed ends initiated?
Whether the lamellipodial and lamellar actin arrays are
nucleated at the leading edge, by either a common or two dif-
ferent mechanisms, is not fully elucidated, although recent evi-
dence suggests that the two arrays originate from the leading
edge [12], and the formin mDia2 might be responsible for
the initiation of the lamellar array [14,15].
Quantitative ﬂuorescence speckle microscopy (qFSM) ﬁrst
suggested that actin ﬁlaments were assembled throughout the
lamellipodium [16]. The spontaneous occurrence of growing
barbed ends throughout the lamellipodium was conceptually
diﬃcult to accommodate with the evidence for a perpetuated
dendritic array, with barbed ends growth developing protru-
sive force speciﬁcally at the leading edge. More recent works
using either qFSM or FRAP and pseudo FLIP, in combina-
tion with RNAi approaches, have come up to a diﬀerent con-
clusion, outlined below [17–21].
Filament barbed ends are nucleated and grow at the very tip of
the lamellipodium exclusively.WAVE proteins are located at the
tip of lamellipodia and use Arp2/3 complex to nucleate ﬁlaments
by branching. Arp2/3 complex is incorporated in the polymer,
like actin, at the leading edge only. These results are at variance
with the idea that treadmillingdoes not account for actin ﬁlament
turnover [22] and do not conﬁrm the proposal that activated
Arp2/3 nucleates new ﬁlaments by side branching throughout
the lamellipodium [22–24]. The fact that no ﬁlament growth oc-
curswithin the body of the lamellipodiumhas important implica-
tions regarding the possible function of ADF/coﬁlin in this
region. ADF/coﬁlin was thought to sever ﬁlaments in the lamel-
lipodium [25–28]. If severing byADF/coﬁlin was occurring, each
severing event would generate a barbed and a pointed end. The
barbed ends would immediately generate new actin and capping
protein speckles in the body of the lamellipodium, which is
clearly ruled out by the data [20,21,29] (see next section of this pa-
per).Onamore conceptual note, severingof ﬁlaments in the pres-
ence of barbed end capping proteins, without a massive eﬀect on
the pointed end depolymerization rate, would leave the pool of
G-actin at the critical concentration of pointed ends, hence
would not promote faster barbed end growth, in contrast with
what ismeasuredboth in vitro [30] and in vivo [19]. In conclusion,
regarding the activity ofADF/coﬁlin, the recent cell imagingdata
in the lamellipodium are in full agreement with the biochemical
data in bulk solution and with the reconstituted motility assays,
but in contradiction with conclusions derived from in vitro
microscopy observations in two dimensions [31].3. Reconstituted actin-based motility assays mimicking
lamellipodia: concepts, observations and comparison with
in vivo dynamics
Biomimetic motility assays were initially designed to chal-
lenge the idea of regulated treadmilling as the basis of actin-based protrusive activity at the leading edge. A solid particle
or a giant unilamellar vesicle (GUV) is functionalized with
N-WASP and placed in a ‘‘chemostat’’ that maintains a high
stationary concentration of proﬁlin-ATP-actin [32–34]. This
‘‘chemostat’’ mimics the cellular composition, it consists of
an F-actin solution assembled in ATP in the presence of pro-
ﬁlin, ADF/coﬁlin and a capping protein at the optimum con-
centrations to enhance treadmilling, and addition of Arp2/3
complex. Filaments branch upon interacting with the N-
WASP-actin-Arp2/3 complex at the particle surface, incorpo-
rate Arp2/3 at the branched junction, mother and daughter ﬁl-
aments grow transiently and either become capped or branch
again [35,36]. Fluorescence microscopy measurements showed
that actin is incorporated in the actin tail only at the particle
surface, conﬁrming the view that ADF/coﬁlin does not sever
ﬁlaments in the tail. In addition, ﬁlament barbed ends are tran-
siently attached to N-WASP upon branching [34,37,38]. Arp2/
3 penetrates the actin tail from the particle surface at the same
rate as actin, and exists in constant proportion to actin in the
tail [33]. A steady balance being maintained between branching
and capping, capping proteins like Eps8 localize homoge-
neously throughout the tail of propelling beads [39]. Hence
Arp2/3, like capping proteins, treadmills at the same rate as ac-
tin in the meshwork. Increasing ADF concentration in the as-
say results in the shortening of the actin tail and faster
propulsion. Both eﬀects are consistent with the biochemical
properties of ADF/coﬁlin. Filaments are shorter in the tails
due to the enhanced rate of pointed end depolymerization.
Faster propulsion is due to faster barbed end growth, resulting
from the higher concentration of monomeric polymerizable ac-
tin maintained by ADF [30,40].
Identical features are actually observed in the recent FRAP
and speckle measurements of actin and Arp2/3 dynamics in
lamellipodia, which conﬁrms the validity of the concept of
the biomimetic assay to understand in vivo behavior. On the
other hand, at variance with the reconstituted motility assay,
the structure of the lamellipodium does not display a homoge-
neous distribution of all the proteins that regulate actin
dynamics (Fig. 1). Diﬀerent regulators (capping protein,
Arp2/3, ADF/coﬁlin) spatially distribute in zones parallel to
the leading edge [20,21], suggesting that their binding to ﬁla-
ments is coupled to critical steps subsequent to processes initi-
ated at the leading edge.
3.1. Capping proteins
Capping proteins are essential in the in vitro motility assay.
They increase the steady-state concentration of ATP-G-actin,
which feeds barbed end growth of newly created ﬁlaments,
and they limit ﬁlament length and life-time. Indeed, at low con-
centrations of barbed end capper, bead propulsion is slower
and longer ﬁlaments are produced, giving the comet tails a
‘‘ﬁshbone’’ appearance [41].
In agreement with the in vitro behavior, capping proteins
play an essential role in the formation of the lamellipodium
[42]. However, in the lamellipodium the location of capping
protein is restricted to a narrow zone of about 0.5 lm from
the leading edge [20,21,29]. The speckle data in S2 cells indicate
that actin treadmills at an average rate of 2.5 lm/min in the
lamellipodium. Hence at a distance of 0.5 lm from the leading
edge, ﬁlaments have grown for 12 s. The turnover of capping
protein in this zone is a few seconds, is accelerated by ADF/
Fig. 1. Compared dynamics of actin arrays generated in cells and in the reconstituted motility assay. At the leading edge of a motile cell (top) or at
the surface of a functionalized particle placed in the reconstituted medium (bottom), a highly branched array of actin ﬁlaments is initiated as a result
of cycles of autocatalytic branching reactions governed by immobilized WAVE or N-WASP and Arp2/3 complex. The Arp2/3 complex is
incorporated into the dendritic network at the tip of the lamellipodium or at the particle surface. Balance is maintained between the formation of new
growing barbed ends by branching and the arrest of growth by capping. Top panel: in the lamellipodium, the daughter ﬁlaments grow for a few
seconds before being capped, then dissociate from the mother ﬁlament. The subsequent complete depolymerization of these short ﬁlaments leads to
the release of capping protein within a few seconds (koﬀ = 0.58 s
1), retaining it in the vicinity of the leading edge (in a 0.5 lm zone). Loss of the
daughter branches enhances the diagonal crisscross pattern of the network, observed in the body of the lamellipodium. The Arp2/3 complex
penetrates deeper in the cell with the network (up to 1.5 lm). At the rear, pointed end depolymerization of ﬁlaments is enhanced by the interaction
with ADF/coﬁlin, leading to the release of bound Arp2/3 (koﬀ = 0.048 s
1) and fading out of the network (koﬀ = 0.03 s
1). The lamellar array extends
deeper toward the cell body. This network is composed of longer, unbranched ﬁlaments excluding both Arp2/3 complex and ADF/coﬁlin. The
ﬁlaments may be initiated by formins at the leading edge and gradually decorated with tropomyosin. The lamellar network, if it is built on fewer
ﬁlaments, could be obscured by the predominant dendritic array of lamellipodium at the proximal zone (up to 1 lm from the plasma membrane) and
becomes evident only where the contribution of the dendritic array is reduced. Bottom panel: in contrast to the lamellipodial network, in the
reconstituted motility assay the daughter ﬁlaments remain attached to the branch junction due to the slower debranching observed in vitro, lending a
diﬀerent spatial pattern of actin ﬁlaments in the comet. Both Arp2/3 complex and capping protein are present in a constant proportion with actin
throughout the entire actin tail, they dissociate as the comet disassembles via pointed end depolymerization promoted by ADF/coﬁlin. The arrows
indicate the turnover of each protein within the network. The bars on the right show the distribution of each protein and the ratio of Arp2/3 complex
(Arp2/3:actin) and capping protein (CP:actin) to actin throughout the network in vivo and in vitro [20,33,39], bold and dim colors reﬂect the higher
and lower protein concentration, respectively. d is the distance measured from the cell edge (top panel) or the surface of the bead (bottom panel). koﬀ
is the turnover rate of each protein measured by FSM [29].
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correlates with the ﬁlament treadmilling rate [20,21]. These
facts suggest that the capping protein remains connected to
the treadmilling actin network for a measurable time, suggest-
ing that the uncapping reaction due to CARMIL [43] may not
be the predominant factor of dissociation of capping protein
from barbed ends. A comprehensive interpretation of the data
is that within a short period following barbed end capping,
capped ﬁlaments have subsequently exposed pointed ends by
debranching and depolymerized within a distance of 0.5 lm
from the leading edge. Since the lamellipodium is a crowded
environment, ﬁlaments being a few tens of nanometers away
from each other in an intricate network [9], disassembly of
the debranched ﬁlaments may be required, to some extent, to
allow capping protein to diﬀuse away. In vitro, debranching
is slower, it is triggered by the hydrolysis of ATP on Arp2
and occurs with a t1/2 of 8 min following branching [44,45].
Evidence for rapid debranching in vivo comes from the obser-
vation that a mutation of Arp2 that abolishes ATP hydrolysis
and debranching but not nucleation induces the formation of
abnormally long actin tails associated with endocytic sites [46].
The capped ﬁlaments are roughly 0.2 lm in length, indicat-
ing that they have grown for about 10 s before being capped.
Capping protein associates to barbed ends with a rate constant
of 4 lM1 s1 in vivo [29]. Hence, a value of 1/10 s1 for the
capping frequency is consistent with a concentration of free
capping protein of 25 nM in the lamellipodium. The same
amount of capping protein was found optimal in reconstituted
motility assays [32,33].
3.2. Arp2/3 complex
Both in lamellipodia and in biomimetic motility assays,
immobilized individual WAVE or N-WASP molecules cata-
lyze multiple branching reactions with Arp2/3 complex. In
lamellipodia, like in the reconstituted motility assay, Arp2/3
complex is incorporated in the actin meshwork from the tip
of the lamellipodium [20,21], and it treadmills at the same rate
as ﬁlaments, demonstrating that it remains bound to ﬁlaments
until they depolymerize. Further evidence for this conclusion
comes from the observation that the width of the zone contain-
ing Arp2/3 expands when ADF/coﬁlin, which enhances
pointed end depolymerization, is depleted. However, in con-
trast with the constant Arp2/3:actin ratio recorded throughout
the actin tail in reconstituted motility assays, Arp2/3 complex
location is biased toward a region spanning a distance up to
1.5 lm from the leading edge, i.e. deeper than the capping pro-
tein. Arp2/3 is more poorly represented at the rear of lamelli-
podia. The turnover of actin ﬁlaments over that region is
slower than in the tip region. These data suggest that following
its incorporation in ﬁlaments by branching at the cell edge,
Arp2/3 remains bound to ﬁlaments that grow for a longer per-
iod than the ones that are capped.
3.3. ADF/coﬁlin
The increase in size of the lamellipodial actin network that
occurs upon coﬁlin depletion [20], and the faster retrograde
ﬂow observed upon increasing the level of active coﬁlin
[12,17,19] reproduce the in vitro eﬀects of ADF/coﬁlin on actin
dynamics and reconstituted motility. The recent in vivo studies
come to the conclusion that ADF/coﬁlin, in enhancing the rate
of pointed end depolymerization throughout the lamellipo-dium, promotes the accumulation of a large stationary pool
of unassembled G-actin that supports rapid barbed end
growth at the front of lamellipodia.
Interestingly, the non-treadmilling behavior of ADF/coﬁlin
in the lamellipodia [21] is consistent with eﬀects recorded in
the motility assay and with the rapid equilibrium binding of
ADF to F-actin and destabilization of the ADF-ﬁlaments.
3.4. Tropomyosin
So far the eﬀect of tropomyosin on actin-based motility of
N-WASP coated beads in the reconstituted assay has not been
examined, although tropomyosin is an important regulator of
lamellipodium and lamella extension in vivo.
qFSM studies on PtK1 and Drosophila S2 cells revealed that
tropomyosin localizes at the rear of the lamellipodial dendritic
array and shows no overlap with the Arp2/3 and ADF/coﬁlin
containing zone [11,20]. In Drosophila, the knockdown of type
II tropomyosin isoform causes the expansion of the lamellipo-
dial ﬁlament network and simultaneous disappearance of the
lamellar network. Tropomyosin binds to ﬁlaments in mutual
exclusion with ADF/coﬁlin and Arp2/3 [47,48]. The in vivo
data therefore suggest that tropomyosin binds and stabilizes
another ﬁlament array (the lamellar array), which may be ini-
tiated at the leading edge by formins. In addition, by some
indirect mechanism, tropomyosin may also antagonize the ef-
fect of ADF on the dendritic array.
These conclusions must be tempered by the existence of
many isoforms of non-muscle tropomyosins, which may regu-
late motility in a variety of ways, and are detected in increasing
amounts from the tip to the rear of lamellipodia of motile cells
[49]. Overexpression of TmBr3 isoform in neurons results in
enhanced lamellipodium formation and loss of stress ﬁbers
while the Tm5NM1 has the opposite eﬀect. While binding of
Tm5NM1 excludes ADF from ﬁlaments, TmBr3-decorated ﬁl-
aments can be depolymerized by ADF [50].
These observations suggest that, as a result of the interplay
with diﬀerent regulatory proteins, diverse tropomyosin iso-
forms with unique functions specify molecularly distinct and
functionally diﬀerent actin arrays [51]. Within this view, tropo-
myosin isoforms would organize a balanced contribution of
the lamellipodial and lamellar networks in cell migration
[49,52]. Biomimetic assays performed in the presence of diﬀer-
ent tropomyosin isoforms would provide insight into their spe-
ciﬁc impact on the dynamics and morphology of the actin
cytoskeleton, and help understand how diverse actin modules
contribute to motile processes.4. Proposed model for regulation of the assembly dynamics and
morphology of the lamellipodial actin array in cell migration
The recent analyses of the dynamics of the actin ﬁlament ar-
ray in lamellipodia have conﬁrmed the validity of the mecha-
nism of actin-based motility derived from reconstituted
motility assays. The diﬀerences between the in vitro and
in vivo systems, highlighted in Fig. 1, point to speciﬁc addi-
tional regulatory processes that take place in lamellipodia.
The data convey the view that a gradient of increasing ﬁlament
length develops from the tip to the rear of the lamellipodium,
consistent with previous electron microscopy work [10], the
shortest ﬁlaments being capped in a narrow zone in the vicinity
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ﬁlaments over a broader depth within the lamellipodium.
From the front to the rear of the lamellipodium, the actin ar-
ray shows a roughly diagonal crisscross pattern, with a vari-
ability of the angles to the leading edge around two major
symmetric orientations.
To accommodate these features, we propose that ﬁlaments
are catalytically branched at their ends by interacting with
N-WASP-Arp2/3 at the leading edge. The mother and daugh-
ter ﬁlaments either are capped or branch again at the mem-
brane within a few seconds. This cycle generates a densely
branched actin array, with short capped lateral branches and
barbed ends transiently bound to the leading edge. The daugh-
ter ﬁlaments dissociate within a few seconds (faster than
in vitro). Total pointed end depolymerization of short deb-
ranched daughter ﬁlaments leads to the disappearance of the
capping protein, while the Arp2/3 complex remains bound to
the mother ﬁlaments. Mother ﬁlaments that have gradually
lost their daughters reach a longer length, i.e. are visible over
a greater distance from the cell edge into the lamellipodium
where they depolymerize from their pointed ends following
interaction with ADF/coﬁlin, thus releasing bound Arp2/3.
Competition between ADF/coﬁlin and tropomyosin estab-
lishes the balance between the lamellar and lamellipodial actin
meshworks in the rear region. A spatial pattern of distribution
of capping protein and Arp2/3 derives from these kinetic fea-
tures. The densely branched array is restricted to a narrow
fringe at the tip of the lamellipodium, which explains why
branched junctions are not detected within the lamellipodium
body [53].
To accommodate the general bi-orientation of ﬁlaments in
the network [4–6,8], we propose that a slight bias in the
branching/capping balance favors capping of the daughter ﬁl-
ament and re-branching of the mother ﬁlament barbed end,
thus imposing two major directions of the mother ﬁlaments
in the array, at the origin of the diagonal crisscross pattern.
The bias may arise from the greater mobility of a short lateral
branch, allowing faster capping, while the slower mobility of
the mother ﬁlament would maintain its barbed end in closer
vicinity to the membrane, favoring the re-branching; alterna-
tively, it may be caused by a slight delay due to a slow step
in the nucleation of the daughter ﬁlament following incorpora-
tion of Arp2/3 at the barbed end of the mother ﬁlament, which
would also result in capping of the daughter ﬁlament occurring
faster than re-branching.
Within this view, the lamellar network, initiated by formins
at the leading edge [15], would be made of bundles of ﬁlaments
aligned along the directions deﬁned by the lamellipodial net-
work.
The validity of this hypothetical model must now be chal-
lenged using more complex reconstituted motility assays.5. Perspectives
5.1. Reconstituted motility assays as a tool to understand the
relevance of molecular processes in motile behavior
Reconstituted motility assays have proven a powerful tool to
deﬁne the bases of actin-based motility and to determine the
minimum functions needed for the formation of self-organized
biological systems and patterns. They can be implemented toinclude a broader range of players like signal-controlled mole-
cules [54], to reveal the function of new actin binding proteins,
for instance the barbed end capping activity of Eps8 and twin-
ﬁlin [39,55,56] and are amenable to physical measurements of
the mechanical properties of active actin meshworks in a con-
trolled physiological context [57,58]. Moreover, actin-binding
proteins often display several biochemical properties. Motility
assays provide unique ways to determine which biochemical
property is responsible for the function of the proteins in
motility. Modular proteins containing repeats of the multi-
functional WH2 domain [59] provide striking examples.
Ciboulot, an actin-binding 3-WH2 domain protein, can re-
place proﬁlin in a motility assay, consistent with its function
in axonal growth [60]. Spire, a 4-WH2 domain protein which
displays genetic interaction with formin and proﬁlin in oogen-
esis [61,62] acts in vitro as a ﬁlament nucleator [63], but also
sequesters actin, severs ﬁlaments, caps barbed ends preventing
proﬁlin–actin assembly [64]. The use of a formin-based motil-
ity assay reveals that the actual function of Spire is not to
nucleate actin but to enhance formin function [64]. In conclu-
sion, motility assays provide insight into the functional basis of
genetic interactions. Thus, they have a potential to predict
which dysfunction will arise from genetic defects, thus opening
avenues for a therapeutic approach.
5.2. Upgrading the reconstituted motility assays to understand
the concerted activity of diﬀerent actin machineries in living
cells
Biomimetics are also expected to unravel the physical chem-
ical basis for coordinated turnover of distinct actin arrays in
motile cells. However, in the design of an advanced reconsti-
tuted assay combining several actin-based modules, many is-
sues are left open due to a lack of quantiﬁcation and limited
number of available in vivo data.
For instance, the relative contributions of the lamellipodial
and lamellar actin arrays, in terms of ﬁlament number, from
the leading edge to the cell body, are not known. If the lamellar
array is initiated at the leading edge like the lamellipodial ar-
ray, but represents fewer ﬁlaments, its contribution may not
be detected in regions close to the leading edge where the rapid
dynamics of the dendritic array contributes predominantly in
the recorded speckles; whereas only the lamellar array would
be visible at the rear region, where the dendritic network has
vanished following coﬁlin-promoted depolymerization. The
problem then remains to understand how the ﬁlaments in the
dendritic array are recognized by ADF/coﬁlin, while those that
belong to the lamellar array are recognized by tropomyosin.
These questions open new avenues for biochemical studies of
actin dynamics in complex systems.
Other unsolved issues are raised by the apparently diﬀerent
turnover rates of the lamellipodial and lamellar actin arrays.
First, if both arrays are initiated at the leading edge and both
move together with the whole cell versus the substrate, and if
the lamellar array treadmills more slowly, barbed end growth
initiated by this array should hold back the leading edge and hin-
der migration. Antagonistic mechanical eﬀects and membrane
tension, which has been evoked [65], should logically result from
the coordinated dynamics of these two arrays at the leading
edge. Second, in apparent contradiction with the slow treadmil-
ling in the lamellar array, in the presence of proﬁlin, ﬁlament
growth processively assisted by formins is faster, not slower than
B. Bugyi et al. / FEBS Letters 582 (2008) 2086–2092 2091growth of free barbed ends [66], and the rate of migration is also
faster in the absence of a lamellipodial array [11]. These chal-
lenging issues should be addressed in the future by a combina-
tion of cell biological and biomimetic approaches.
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